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Dielectric barrier discharge (DBD) plasma actuators have 
been investigated by many researchers as flow-control devices. 
In the present study, we attempt to apply such actuators to a jet 
flow. In order to achieve enhanced mixing in a jet flow, we 
focused on the voltage and the frequency of the plasma actuator 
to examine their effect on the velocity and turbulence of the jet 
flow. This time, we examined how the induced flow by the 
plasma actuator electrode dimensions occurred. It was expected 
that higher velocity would have a larger effect on the jet flow in 
last year. In this study, we measured the flow velocity for 
different voltages and frequencies, and determined the most 
effective conditions for generating the induced flow. We apply 
that DBD plasma actuators to enhance turbulent intensity and 




The jet flow becomes unstable when it is issued from the 
nozzle due to air to relative velocity. It is very complex, 
because when it forms itself for the viscosity of fluid, it rolls a 
surrounding fluid [1,2]. Rajaratnam, N., and Pani, B. S., studied 
about turbulent compound annular shear layers. Toyoda, K., 
studied about vortices in jets. In recent years, a great deal of 
attention has been given to fluid control techniques using 
plasma generated by atmospheric pressure electric discharge 
(plasma actuators) [3-5]. Dmitri, M. O., Gabriel, I. F., and 
Daniel, E., studied about characterization of discharge modes of 
plasma actuators. Segawa, T., Yoshida, H., Takekawa, S., Jukes, 
T., and Choi, K.S., studied about coaxial annular jet produced 
by DBD plasma actuator. Mizota, Y., Nagase, K., Kasagi, N., 
and Suzuki, Y., studied about assessment of mixing 
enhancement in coaxial jet manipulated with a DBD plasma 
actuator. In the present study, we used the flow induced by a 











FIGURE 2.  NOZZLE AND DBD PLASMA ACTUATOR 
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velocity changes and control the degree of diffusion in the jet 
[6]. Ono, T., Jin, H. Y., Takano, T., Kimura, M., studied about 
jet flow controlled by DBD plasma actuator. We varied the 
applied voltage and frequency in addition to the dimensions of 
the electrodes and investigated their effects on the induced 
flow. That can approach of control and diffusion, the active of 
the jet and the various jet control from the velocity of the 





 Sign       Mean    Unit 
d       Nozzle diameter    [mm] 
f       Frequency          [kHz] 
Re       Reynolds number    [-] 
U          Main flow velocity    [m/s] 
U0       Main flow initial velocity         [m/s] 
U/U0       Axial velocity    [-] 
x/d       Dimensionless measurement distance [-] 
 
 
PLASMA GENERATION IN DBD ACTUATOR 
As shown in Fig. 1, a DBD actuator has a simple structure in 
which plasma is generated between two thin electrodes with 
different widths. A dielectric substance such as Teflon or 
polyimide is placed between the electrodes and a voltage (2~8 
kV, 4~15 kHz) is applied across them. This leads to the 
occurrence of DBD above the electrodes, which induces flow 
(blowing force) from the outside electrode to the inside 
electrode. This induced flow has been reported to affect the 
velocity distribution in the wall shearing layer [3-5]. In the 
present study, we attempted to apply this principle to 
controlling diffusion in a jet flow. 
The high voltage between the electrodes ionizes the air 
molecules, making them positive. The free electrons are 
transported to the narrow positive electrode by air molecules, 
whereas the positive ions move to the wide negative electrode. 
Flow is then induced by momentum transfer between the 
positive ions and the neutral air molecules. If we change with 
polarity of the alternating current voltage when a surface 
electrode has negative electric potential blowing force occurs in 
the same direction, there is the report that a negative ion of the 
oxygen carries out a big role.  
The plasma points at the gas which ionized. A DBD plasma 
actuator has the following advantages for controlling fluid flow 
[3-5]. 
(1) It is lightweight, being completely electrically driven 
with no moving parts. 
(2) Its power consumption is low. Although the applied 
voltage is several kV, the electric current generated is 
only a few tens of mA. 
(3) Because it is very thin, its pneumatic influence is small. 
It can be completely buried, yielding an aerodynamic 
penalty of zero. 
 
 






FIGURE 4.  PHOTOGRAPH OF BIG ELECTRODE 
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(4) It is easy to control the entire control system. Since it 
has no moving parts, it can control the induced flow at 
an applied voltage and frequency to some extent. 
(5) Drive is high-speed, and the flattery nature for the input 
is good. The plasma occurs when turned on a power 





Figure 2 shows a schematic view of the flow-control setup 
used in the present study. The jet was produced by an 
convergent round nozzle with an inside diameter of 10 mm. 
The DBD plasma actuator was circular in shape and surrounded 
the hole of the nozzle without blocking it. It was attached to the 
nozzle using polyimide tape with a thickness of 60 μm, which 
was capable of withstanding the high temperature at the nozzle 
surface. The actuator itself comprised two circular copper 
electrodes separated by a polyimide sheet with a thickness of 
125 μm. The dimensions of the different electrodes are shown 
in Table 1 and the stacked structure is shown schematically in 
Fig. 3. Figure 4 shows a photograph of the Big electrode used 
in the present study. To produce the plasma, an AC power 
supply (PSI, PG1040F) was used to apply a voltage of 2 to 8 
kV at a frequency of 4 to 15 kHz. Figure 5 shows a schematic 
diagram of the experimental apparatus. Air was used as the gas 
jet and was expelled from the nozzle at a velocity of 1.55 m/s, 
corresponding to a Reynolds number (Re) of 1000. We also 
measured the velocity of jet flow affected by plasma's induced 
flow as same Reynolds number in case of with the jet flow. To 
image the jet flow, particle imaging velocimetry (PIV) was 
used. Ondina oil particles were mixed into the jet and were 
illuminated using a laser-light sheet produced by a Nd:YAG 
laser (532 nm, sheet thickness 0.23 mm). Images were captured 
using a high-speed camera (Photron, FASTCAM SA1.1) in the 
region from the nozzle exit to a relative distance x/d=6 in the 
jet flow, where x represents the distance from the nozzle and d 
is the inner diameter of the nozzle. The transparence cylinder (a 
diameter of 300 mm and a height of 400 mm produced made in 
acrylic) putting on a nozzle for visualization and particle guide. 
 
 
RESULTS AND DISCUSSION  
Figure 6 shows images of the effects of the plasma-induced 
flow on the main jet, as a function of the electrode dimensions. 
The voltage and frequency was set at 5 kV and 4 kHz, 
respectively, and Re was 1000. The images were taken by 
visualization experiment. The leftmost image corresponds to 
the case of no plasma. It can be seen that for cases Small   
electrode and Medium electrode, the plasma-induced flow 
causes the main jet to become narrow. Figure 7 shows a PIV 
analysis of the images shown in Fig. 6, where it can be seen 
that flow velocity are generally high. The velocity increases for 
distances larger than x/d=1. In the case of electrode 
configuration Medium Wide electrode, since the outer diameter 
is larger than that of configuration Medium electrode, the     












FIGURE 6.  FLOW VISUALIZATION FOR DIFFERENT 
ELECTRODE CONFIGURATIONS (AIR, Re=1000) 
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FIGURE 8.   AXIAL VELOCITY VS. DISTANCE FROM 
NOZZLE (AIR, Re=1000) 
 
 
constricting effect on the main jet is weaker. For electrode 
configuration Big electrode, the jet begins to narrow and the 
velocity increases at around x/d=2;however, the overall velocity 
is low. 
Figure 8 shows the change in velocity along the central axis of 
the jet for each electrode configuration as a function of distance 
from the nozzle. The vertical axis represents the ratio of the 
velocity to the initial velocity. Small electrode, Medium Wide 
electrode and Medium electrode are an increase velocity in 
x/d=0~1.5. For electrode configuration Big electrode, the 
velocity alternately increases and decreases, which is thought to 
be due to instability induced by diffusion in the main jet. 
Figure 9 shows flow visualizations for a plasma frequency of 
12 kHz and voltage of 5 kV. It can be seen that in comparison 
to the lower frequency, the main jet spreads and the degree of 
disorder increases. In particular, for electrode configuration 
Small electrode, the spreading begins to occur close to the 
nozzle exit. As even Fig. 10 was seen, a Small electrode 
compares this with a Big electrode, and it is thought that the  
 
 
FIGURE 9.  FLOW VISUALIZATION FOR DIFFERENT 










FIGURE 11.  AXIAL VELOCITY VS. DISTANCE FROM 
NOZZLE (AIR, Re=1000) 
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FIGURE 12.  FLOW VISUALIZATION FOR DIFFERENT 




 FIGURE 13.  PIV ANALYSIS OF IMAGES IN FIG. 12 
 
 
reason is because the position where the induced flow occurs is 
near to the main jet. For a frequency of 12 kHz, each electrode 
can confirm that 12 kHz diffusion in the case of 4 kHz more. 
This takes load to an actuator by making frequency big, and the 
velocity changes non-uniformly in the radial direction, and it is 
thought that this induced flow gets in the main jet and diffused 
it. In Fig. 11, an increase in velocity can be seen for each 
electrode, but a velocity change is not clarified by having raised 
frequency when we compare it with Fig. 8 (4 kHz). Because a 
large amount of diffusion occurred in the case of electrode 
configurations having raised frequency when compare it with 
Fig. 8 (4 kHz). Because a large amount of diffusion occurred in 
the case of electrode configurations Small electrode and Big 
electrode, this gave rise to a large decrease in the flow velocity. 
Figure 12 shows flow visualizations for a plasma-generating 
voltage of 3 kV and a frequency of 10 kHz. At this low voltage 
(3 kV), there is no clear influence of the plasma actuator on the 
main jet. From Figs. 13 and 14, because the main jet to 
influence the induced flow does not occurs, it can be seen that 
none of the electrodes give rise to significant changes in the  
 
 
FIGURE 14.  AXIAL VELOCITY VS. DISTANCE FROM 





FIGURE 15.  FLOW VISUALIZATION FOR DIFFERENT 





FIGURE 16.  PIV ANALYSIS OF IMAGES IN FIG. 15 
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FIGURE 17.  AXIAL VELOCITY VS. DISTANCE FROM 
NOZZLE (AIR, Re=1000) 
 
 
velocity of the main jet. Figure 15 shows visualizations for a 
voltage of 5 kV and a frequency of 10 kHz, and Fig. 16 shows 
the corresponding PIV analysis. It can be seen that for electrode 
configurations Small electrode, Medium Wide electrode and 
Medium electrode, the main jet becomes constricted . In Fig. 
17, an increase in velocity can be seen for each electrode.  
Figure 18 shows a comparison PIV analysis of the jet flow for 
electrode configurations Small electrode and Big electrode at a 
voltage of 5 kV and a frequency of 12 kHz. This image was 
taken on the state that hired a lot of particles in a transparent 
container. It is thought that in the case of electrode 
configuration Small electrode, the plasma-induced flow occurs 
close to the nozzle exit, leading to an increase in velocity, and 
the jet constriction effect is dominant. On the other hand, for 
electrode configuration Big electrode, the plasma-induced flow 





A DBD plasma actuator has been shown to be effective in 
altering the velocity and turbulence of the induced flow 
depending on the voltage, frequency and electrode dimensions. 
From the results of the present study, the following conclusions 
can be made. 
 
1. Constriction of the main jet was dominant for small 
electrodes, whereas the large electrode gave rise to 
diffusion. 
2. When the diameter of the outside electrodes is small, the 
main jet becomes the shrinkage style and does an increase 
velocity from the neighborhood of the nozzle. When the 
diameter of the outside electrodes is big, the position 
where induced flow enters the main jet rises to x/d=2 and 
the jet tends to spread.  
3. With increasing voltage, the induced flow becomes 
stronger, the main-jet constriction effect become more 
prominent, and a larger increase in velocity occurs. As the 
frequency is increased, a velocity change occurs for the 
 
 
FIGURE 18.  PIV ANALYSIS (AIR, Re=1000, 5 kV 12 kHz) 
 
 
induced flow and spreads. Now, we measured velocity 
ground by PIV analysis, but the detailed velocity 
distribution is not provided. We will push forward a 
detailed experiment in future by hot wire. 
4. When the induced flow becomes strong, it reaches the 
center of the main jet, almost destroying its central core so 
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